Introduction: Most of the postural problems originate during puberty, when the body structure is in the process of development and the hormonal release predisposes the differentiated growth between the gender, which can interfere in the posture and balance of the individual. Objective: To analyze the postural phenotypic parameters in school adolescents. Method: A cross-sectional study was carried out in 72 adolescents with age between 10 and 15 years from a public school in the city of Lagarto, Sergipe. The subjects were divided into two groups according to gender (G1: female group; G2: male group) and age subgroups (SB1: adolescents with 10-12 years; SB2: adolescents with 13-15 years), homogeneous in relation to BMI. The research consisted of the collection of anthropometric and clinical data, backpack weighing, static postural evaluation through biophotogrammetry and measurement of stabilometric parameters through a force platform. Results: The individuals presented reduced mobility of the spine and did not overload the school backpack. The prevalence of scoliosis and scoliotic attitudes was 33.32% and more frequentily in the G2. As for the postural angles, the G1 presented knee valgus, hyperextension of the knee and lumbar hyperlordosis, differently, the G2 was characterized with forward inclination of the body, knee flexion, cervical hyperlordosis and thoracic hyperkyphosis. There was no difference in body balance variables between gender, besides the correlation between postural alignment and balance. Conclusion: The study suggests that the phase of corporal development in the school period favors postural phenotypic differentiations.
INTRODUCTION
Puberty is considered a phase of marked bodily transformations, due to the accelerated musculoskeletal development, axial growth and hormonal determinants that allow the maturation and differentiation between girls and boys. (1) It is configured in parallel, a period of intense technological experience due to the abusive use of electronic media (2) (3) (4) and formation of the corporal scheme through the influences of the school environment. (5) Together, these factors are reported as predictive of the onset and progression of postural disorders, especially affecting the spine. (6) (7) (8) Studies strive to compare postural alignment between the gender. (9) (10) (11) (12) However, human posture represents a complex mechanism approaching the individual as a whole, thus a deep understanding of the postural system in adolescents is still needed. Exposure to overloads through the use of school backpacks (13, 14) and remain in a sitting position for longer periods of time (15) is an important aggravating factor with adverse effects on health, affecting the joint mobility of the spine, the appearance of scoliotic curves, two-dimensional postural deviations and changes in body balance.
We present, in an original way, the term postural phenotype, formed by the interaction between posture, adaptive strategies of balance, environmental influences and body changing conditions, using a clinical screening protocol and approaching the postural balance assessment, its modifiers and relationships. The objective of this study was to analyze postural phenotypic parameters in school adolescents, measuring the differences between the genders. It is assumed that these results may be useful for a better understanding of sexual specificities during the growth period implied globally in postural health.
METHOD Participants
An analytical cross-sectional study was carried out with 72 healthy individuals, 37 girls and 35 boys from a public school in the city of Lagarto, Sergipe, Brazil.
Subjects, with age between 10 and 15 years, were voluntarily recruited, since they were not using anti-inflammatory, antibiotics, anticonvulsants, oral contraceptives and adjuvants medication, did not present any pathologies, deformities, orthopedic and/or neurological post-surgical procedures, visual, auditory and/or somatosensory deficits or using orthoses and/or prostheses. Free and informed consent ratified by the Ethics Committee of the Universidade Federal de Sergipe (nº 903.958) was obtained from all those responsible.
For comparison purposes, the groups were divided according to gender (G1=Female group, G2=Male group) and in case of statistically significant difference they were stratified by age group through a categorization according to the stages of growth of each gender, considering the SB1 individuals between 10-12 years and the SB2 to those between 13-15 years.
Screening Procedures
A screening was carried out in order to investigate only eutrophic individuals. The measurement of the Body Mass Index (BMI) was then determined, and the weight was measured in kg by the Serene  digital scale and the height was measured in cm by the Welmy  stadiometer. For the measurements, the subjects positioned themselves with parallel and bare feet, arms relaxed next to the body and wearing light clothes. The BMI was calculated using as reference the percentile curves for gender and age, considering the rankings equivalent to the normal BMI (≥ percentile 3 and < percentile 85) according to the World Health Organization (WHO). 
Measurement of clinical modifiers
The mobility of the lumbar spine was evaluated through the Modified Schober's test, with the individual in standing position and with the trunk region free of clothing for the location of the 5th lumbar vertebra (L5), where they were marked 5 cm below and 10 cm above this reference. Then, an anterior trunk flexion was performed, keeping knees extended. The evaluator determined the distance between the two points marked along the column with a tape measure, and were considered normal the one that exceeded at least 5 cm from the initial measurement.
Then, the examination was performed to investigate the axial thoracic and lumbar rotation by the Ortophaedics Systems Incorporation  escoiometer. The spinous processes of T6 and L3 were demarcated and the individual reproducing the Adams forward bend test had the scoliometer positioned over the respective spinous processes, perpendicular to the axial plane, in which the complete stop of the mercury ball signaled the precise angulation in Cobb degrees. For interpretation of the test, two-dimensional deviations below 10º Cobb were classified as scoliotic attitudes and above 10º Cobb as scoliosis.
Information on the transportation of school supplies was also collected, specifically investigating the weight of the backpack, adopting WHO regulations in which the load of backpacks, briefcases and similar should not exceed 10% of the body weight of the elementary school student.
Posture Evaluation
With the individual in intimate clothing and without accessories in the body, anatomical points were identified for postural evaluation by the PAS  (Postural Evaluation Software). To do this, were used Styrofoam balls sized 15mm, and fixed by adhesive tape to correctly mark the anatomical points, which followed the PAS protocol of measurements 17 to analyze anterior (Figure 1 ), posterior ( Figure 2 ) and lateral ( Figure 3) view and for the evaluation of the vertebral curvatures were marked the spinous processes of C7, T1, T12, L1 and L5.
The individual was then positioned on a rubber mat, where the contour of the feet was performed, which ensured a single standing position for photography in all views. In order to record the images, was used a Canon PowerShot G11  (10MP) photographic camera, positioned 3 meters away from the subject, fixed on a professional tripod and a plumb line for calibration of the photo in the biophotogrammetric program.
The analysis of postural alterations was performed using the PAS  biophotogrammetric method by which were obtain angles of the anatomical markings. For the interpretation of the angles formed in the frontal plane we considered the negative value as left slope, positive value as right slope and the alignment represented by the zero value. For the Q and ankle angles, the normative was established in 15 and 5 degrees respectively.
With regard to the angles in the lateral views, were adopted classifications: head alignment in extension and flexion; anterior and posterior position for pelvic tilt and hip angle; anterior and posterior inclination for the body alignment; flexion and hyperextension in the knee alignment; and values of the ankle positioning represented plantar flexion and dorsiflexion. Regarding the angles of the vertebral curvatures, it was considered that the greater the angle the greater the rectification and the smaller the angle the greater the curvature.
Balance Evaluation
For the measurement of the static body balance through stabilometric parameters was used a Footwork  force platform (version 3.2.2.0). The analysis was performed with the individual in bipodal support, bare feet, assuming a comfortable and usual posture, oriented to remain on the platform without moving or talking during the evaluation period, which comprised 20 seconds of preparation for recognition of the plantar impressions and approach of the points of pressure center and barycentre and in 10 seconds stabilometry is measured, allowing information on the center of pressure (CoP), oscillation in the anterior-posterior (OAP) and medial-lateral (OML) directions.
Statistical analysis
The Shapiro-Wilk test was used to study the variables normality. The analysis of the comparison between the clinical variables weight, BMI, Schober, axial thoracic and lumbar rotation was obtained using the Mann-Whitney test and to compare the height and weight of the backpack was applied independent Student's T test. For comparisons of posture and balance variables, independent Student t and Mann-Whitney tests were considered. Regarding the correlation analysis between postural angles and the variables of CoP, OAP and OML were applied the Pearson and Spearman Correlation tests. For all analyzes, were used the Statistical Package for the Social Sciences (Inc., Chicago, USA; SPSS 15.0) and the statistical significance stipulated in 5% (p < 0.05) and CI of 95%.
RESULTS
The age presented median of 12 (11) (12) years in the G1 and 12 (11) (12) (13) years in the G2. There was no statistically significant difference between age and gender (p=0.911) and the same for the BMI (p=0.844). Sampling homogeneity was also present in the results of clinical modifiers, with decreased joint mobility in both groups (p=0.887) and no overload in the backpack (p=0.518). The prevalence of scoliosis and scoliotic attitudes was 33.32% (G1=15.32%; G2=18.00) and high rates of scoliotic attitudes were observed in the thoracic and lumbar level (Table 1 ). Postural analysis in the frontal plane allowed the visualization of a statistically significant difference between groups for ÂFMId (p=0.042), ÂFMIe (p=0.006), ÂQd (p=0.001) and ÂQe (p=0.001) angle in the anterior view, However, no significant differences were found for angles in the posterior view (Table 2) . In sagittal plane, were found statistical differences in the ALICORP (p=0.015) and ÂJOEL (p=0.017) angle in the left lateral view (Table 3) , as well as for all angles of vertebral curvature (Table 4) . Clarifying the differences found, the analysis of the age subgroups found a statistical difference in the Âqd, Âqe, ÂC and ÂT angles ( Table 5 ), demonstrating that SB1 develops pronounced knee angulations in comparison to SB2, whereas the opposite occurs in cervico-thoracic curvatures. Despite this, no statistical difference was found in the comparison of the balance variables (Table 6 ). There was no correlation between posture and balance.
DISCUSSION
The term postural phenotype integrates the actual perception of postural variants and balance, considering the clinical modifiers that act in this mechanism of body readjustment in face of the new corporal proportions of the adolescent. Dolphens et al. (12) , through a study that proposed to measure the differences between the sexes during the pubertal period considering different types of posture, verified anterior inclination of the body, thoracic kyphosis and more pronounced pelvic anteversion in boys when compared to the girls, coinciding with our findings. They also speculated that this characteristic may be a consequence of increased muscle recruitment and hypertrophy of the trunk extensors, resulting in decreased levels of flexibility parallel to the force gain, allowing the development of ankylosing spondylitis (AS), which occurs more frequently in male adolescents and young adult. (18) Facing this scientific gap, this study was recommended, the specific examination that predicts the flexibility of the posterior trunk chain and directs the AS diagnosis. It was found that there was no difference between the groups, which presented a considerable decrease in mobility, predisposing the students to a probable AS medical picture in the future. Other study (19) quantified the anterior flexibility index in adolescent growth spurt and also identified that there is no difference between girls and boys, even considering the particularities of each sex. In addition, there is a reduced and worrying level of mobility, taking into account the young age.
Faced with the technological age, the use of computers and smartphones have contributed to increasingly sedentary individuals, with significant muscle shortenings, which over time lead to postural deviations.
(2-4) Filipovic et al. (20) tested the articular mobility of individuals with postural deviations, arguing that children with scoliosis would have a reduction in the physiological range of motion due to the muscular and postural compensations for maintaining the upright posture. This information allows us to speculate that the decrease in flexibility in this sample may be related to the high prevalence of scoliosis and the presence of scoliotic attitudes in the thoracic and lumbar level. In this variable, no difference was found between the male and female subjects, differing from the recent surveys that evidence the scoliosis being a postural alteration that affects more girls, (6, 21, 22) which gives a different profile of the students studied in this study.
The weight of the school backpack is an aggravating factor that is often indicated as an important indicator of postural alterations and increase of the curvatures of the vertebral column, asymmetries in the craniovertebral, trunk and lower limbs segments and anterior displacement, causing children postural adaptations due to the adopted overload. (14, 23) However, in this study, the weight of backpacks in both groups did not present an overload characteristic, due to the reality of the public school, where there is a shortage of didactic materials, which could have a different proportion if our sample consisted of students from a private school.
The postural evaluation identified a significant difference between the groups, determining the overlap of valgus knee in females between 10 and 12 years of age, which coincidentally represents the phase of peak development of the girl. Our data corroborate with the recent meta-analysis of Holden et al. (24) , who investigated the existence of differences between the genders, regarding the postural variants of individuals in the phase of growth spurt and showed that due to skeletal maturation, female adolescents present valgus knee index greater in relation to males, although there is no consensus on sexual differences in postural stability.
Fulkerson et al. (25) consider that the development of patellar changes in female is usually due to the greater hip width, allowing medial deviation of the femur and excessive lateral traction of the patella, estrogen action that allows patellar hypermobility, sitting crossing and adducting the legs causing internal rotation of the hip and use of shoes with high heels.
In lateral view, the position of the knee also reported a significant difference, with females showing hyperextension and males showng flexion pattern, in agreement with the findings of Dolphens et al (12) who interpreted the knee semi-flexion posture in boys as a possible compensatory positioning strategy, used to correct the tendency of the anterior body imbalance. Although we consider the interpretations of the authors, we infer that this behavior is a consequence of the possible posterior chain shortening, mainly of the hamstring muscles, which in boys is predominant due to the strong relation with the practice of sports activities and the maintenance of the prolonged seated posture. (26, 27) And in the hyperextension in females, has been discussed the influence of loosening of the anterior cruciate ligament (ACL) facilitated by menstrual cycle in the follicular period and luteal phase as a probable predictive condition. (28, 29) Our findings also point out significant differences between the sexes regarding the increase in vertebral curvatures. There was a marked development of the cervico-thoracic segment in boys (13 and 15 years) and lumbar hyperlordosis in girls (regardless of age). Factors such as postural inadequacy in the sitting position, computer use, physical activity, sleep hours exceeding 10 hours per night and transportation of school material were associated with the predisposition of kyphotic posture in adolescents of this age group. (8) As for the increased lumbar curvature, Whitcome et al. (30) reported that anatomic differences in relation to the size of the vertebra explain the high predisposition in females, which have a 14% greater vertebral body area and a 13% higher orientation of the articular surfaces in the coronal sense when compared to males. Thus, the female vertebral anatomy allows the spine to be better suited for greater load resistance and facilitates increased lordotic curvature.
Despite the differences found in the postural variations, no sexual differences were found in relation to the balance, which allowed us to find no correlation between posture and balance in this sample. We infer that postural changes developed in the growth phase are not capable of causing important body displacements, and this could be different in samples of adolescents with orthopedic or neurological dysfunctions and overweight or obesity profile, which suggests future research in this context.
CONCLUSION
The study suggests that the phase of corporal development in the school period favors postural phenotypic differentiations, in which the female adolescents present knee angles that exacerbate during 10 to 12 years and in the male the increase of the cervico-thoracic curvatures is evident between 13 and 15 years. Despite the high prevalence of scoliosis and reduced spine flexibility, no significant differences were found for backpack weight and balance, as well as correlation between posture and balance.
LIMITATION OF STUDY
The study determined broad thoracic and lumbar axial rotation by scoliometer did not getting data regarding the use of spinography imagen.
